Abstract. Aiming at the application requirements and defects of current monitoring system in household environment monitoring, a wireless household monitoring system of lower energy consumption is designed based on Zigbee technology. The design takes temperature, humidity, light, illegal intrusion detection, fire detection and timely warning integrate the intelligent household monitoring system. In wireless sensor network, the nodes can be divided to terminal node and coordinator node. CC2530 is used as RFIC chip in nodes. The hardware/software implementation plan of monitoring center and terminal node are mainly introduced. Experiments show that the system is low energy consumption, economical, stable and has high measurement precision and can satisfy the demand of household monitoring system.
Introduction
The current technology of Internet of Things has rapid developed, and it has brought new ideas for household monitoring system. Home fire often happens in real life, and with the improvement of people's living standard and quality, requirements for the safety and convenience of household has been increased [1] [2] , for example, automatic regulation of the indoor temperature and humidity. Therefore the application of household monitoring system has broad prospects, large potential market demand, and the development rapidly. It has received extensive attention of manufacturers.
The wireless network technology based on Zigbee have the characteristics of high-performance, low power consumption, low cost of short-distance transport, simple maintenance [3] , and its usability is superior to existing wired or wireless technologies in the home monitoring. Therefore, this paper uses the wireless transmission technology to design a wireless monitoring system based on Zigbee. The system has the characteristics of high reliability, high scalability and it is easy to operate. According to the characteristics of each household, the system can also perform custom installation to achieve the features and advantages of the combination of individual and standardized, and thus makes the home monitoring applications more widely applied.
Key Technology

Zigbee Technology
Zigbee is a kind of wireless communication technology, which can work at three spectrums of 2.4GHz, 868MHZ and 915MHz. These spectrums have the highest 250kbit/s, 20kbit/s and the 40kbit/s transmission rate. Zigbee has the characteristics of low power consumption, large capacity, low cost, high safety and reliability. Zigbee has three kinds of network topology model: star network topology, mesh network topology, cluster network topology (figure 1). The physical devices of Zigbee include network coordinator or routing, and the network terminal node, and it can meet the needs of the home network communication [4] . [5] .
Three technologies which are used together can real-time collection, transmission and processing the information in monitoring area.
Sensor technology is a comprehensive hi-tech, multi-disciplinary crossing technology. Sensors are usually composed of sensing circuit and signal circuit. The sensing circuit is used to perceive data, and it can collection the gas, temperature, humidity, light data. Then these data pass the integral circuit, amplifying circuit, and are filtered by the filter circuit. At last these data are converted to digital signal by A/D converter. The sensors which are used in home usually have smoke sensor, temperature sensor, etc.
Smoke sensor: At the beginning of the fire, most matter are in the smoldering phase, these matter will produce a large amount of smoke, so if place the smoke sensor in the house, it can play the role of early-warning in household monitoring. Smoke sensor includes both ionization smoke sensor and photoelectric smoke sensor. The photoelectric sensor is all composed of optoelectronic components and electronic components, and it becomes the focus of development and spread. The monitoring system will use S801 photoelectric smoke detector [6] . Temperature sensor: The system needs to measure the indoor temperature, thus to control household devices. The monitoring system uses a new programmable digital temperature sensor (DS18B20). DS18B20 does not need complex signal conditioning circuit and A/D conversion circuit, and it can directly complete data acquisition and data processing with the single chip microcomputer. DS18B20 have the characteristics of high precision, low power consumption, strong anti-interference ability, and can construct networks. DS18B20 can be used in various temperature monitoring and control system.
System General Design
This system includes terminal nodes which are used to perceive the environment of home, the coordinator node and information processing layer. The whole structure of this system is shown in figure 2 .
Terminal nodes include all kinds of sensors with Zigbee node which are low power consumption, such as smoke sensor, temperature sensor, and also include all kinds of relays.
The Zigbee wireless sensor network of this system uses the star topology network. The network includes one Zigbee coordinator and several Zigbee terminal/routing nodes. The coordinator is the core of the network, which led the establishment of the wireless network and supervises the smooth operation of the network. The coordinator and terminal nodes are adopted self-organizing way to form a wireless sensor network.
The communication between coordinator and upper computer is realized by the serial communication of RS-232. The coordinator transmits the acquired data to upper computer real-time, also receives and forwards the control data from upper computer. The upper computer and router compose the intelligent home gateway. The downstream data transfers between upper computer and coordinator is realized by the serial communication of RS-232. The upstream data is transmitted from the router to the server. The function of gateway is realized between the wireless sensor network and the Internet.
The server is mainly used to store the household environment data, and then the data can be published through the Web site. At the same time, if the user wants to control household equipment, the control data is written from the server, and then the control data is transmitted to controlled device by the gateway. The remote users can access to the Web site by all kinds of remote terminal, and implement the household monitor.
In the establishment process of Zigbee wireless sensor network, the coordinator should initialize network first and set up its own network, at the same time specify the network different identifier which is called personal area network ID(PANID). Different Zigbee network has different PANID. The different network is distinguished by the PANID and avoids interference. After the terminal nodes start and discover the network, these nodes will automatically join the network. The self-organizing network of household equipment is realized.
The function implementations of this system need various hardware to support, and the hardware of wireless sensor network mainly is focused on the selection of the various sensors and the design of the wireless transmission equipment. In the hardware design, considering the low power requirements, the system selects the chip of CC2530 [7] [8] . CC2530 is Zigbee chip of TI Company and its kernel is C51. CC2530 supports international 802.15.4 standard and Zigbee, Zigbee PRO and ZigbeeRF4CE standard. It can be established a powerful network node and the cost is very low. It is low power consumption, low cost, low rate, short time delay, high capacity and high security. The transmission distance of CC2530 is in 10~100 m, and if the RF transmission power is increased, the transmission distance will reach 1~3km.
Hardware Design of Terminal Node
The terminal nodes are the bottom equipment of the system. CC2530 is the core of the terminal node. The terminal nodes are the child nodes with sensor. The figure 3 shows the hardware block diagram of the nodes. The function which the terminal module need to implement and the peripheral module mainly have three parts: data acquisition module that use A/D port to control sensor module, data receiving and dispatching module that use RF module, the module that control the relay.
The node modules include power module, external module, relay module, RF antenna module and LED display module.
(1) RF antenna module: The peripheral circuit of the module adopts impedance matching network without balun. The antenna uses 50 euro whip negative antenna. The peripheral circuit of wireless RF connection with CC2530 chip interface has corresponding pins. Pin 25 corresponds to RF_N, Pin 26 corresponds to RF_P.
(2) Relay module: The module uses CC2530 output electric signal to open or close relay electromagnetic coil through the drive circuit, so as to control power switch of household devices.
(3) LED display module: The module is composed of light emitting diodes and partial pressure resistance, and is used to display network state.
(4) Power supply module: The module uses battery power supply. In order to get reliable and stable voltage, the module chooses three-pins-integration voltage regulator which is integrated DC-DC converter LM317. The scope of the regulator's output voltage is 1.2V to 37V, and the maximum load current is 1.5A. The regulator is simple to use, and only two external resistors can make the output voltage change to 2.4V, in order to provide to the system power supply. In addition its linear regulation and load regulation are also better than the standard fixed voltage stabilizer. LM317 has many kinds of built-in protection circuit such as overload protection, safety protection and so on. (5) External module: The corresponding driving circuit and signal processing circuit are designed in the external module. Since most sensors are current output type, the circuit is designed as current-to-voltage conversion circuit. The module uses ∏ type circuit to change current of 4-20MA to voltage 0.4-2V.
Hardware Design of Coordinator Node
The coordinator node module mainly establishes the Zigbee network to send the directive, receive or forward data and communicate with the server by PC. In order to facilitate human-computer interaction and real-time display, the keyboard interface and LCD interface circuit are designed, as shown in figure 4 . Therefore, the coordinator node mainly composes of power supply, LCD display module, RF antenna, RS-232 communication module and interface module.
(1)RS-232 communication module: The communication module uses MAX3232 chip. The chip uses the proprietary low-dropout voltage transmitter output stage and double charge pump between 3V and 5.5V to supply power, which can realize the real performance of RS-232 and need only four 0.1uF outside charge pump capacitor of small size. MAX3232 can ensure data rate in 120KBPS, and maintain the output level of RS-232.
(2)LCD display module: The module is used to display the work status of network node. The module uses LCD12864 which is 128x64 dot matrix LCD and control chip ST7920 which includes word stock. The data transmission of this module is used SPI bus transmission.
(3)Key module: The keys module uses 3x4 matrix keyboards and A/D read mode. The module is used to enter the digit 0-9, delete digit and send number.
Software Design of System
The system uses free Zigbee protocol stack which is supported by CC2530 of TI Company, and uses C language as programming language. The software design of the system is implemented by calling API on the basis of Z-Stack general template.
The Zigbee wireless communication uses 2.4GHz public frequency of the global share as communication frequency, and the data transfer rate is 250kbit/s. The communication conflict is avoided by carrier sense multiple access with collision avoidance (CSMA/CA). When a device wants to send information any time, the device need first to perform a clear channel assessment (CCA) and ensure that the channel is not used by other devices, and then begins to send information.
Software Design of Coordinator
In the wireless network based on Zigbee, coordinator node unified schedule for network building, node joining, data sending, data receiving, and other functions. The coordinator in wireless sensor network (WSN) is responsible for the selection of network identifier, allows other node to join the network, and implements to bind the nodes. At the same time the coordinator node receives environmental data from sensor nodes, preprocesses these data, and uses RS232 serial interface to send these data to PC for data analysis and data processing. Therefore the coordinator node should be active all the time, and always be ready to send and receive wireless data and serial data. The specific program flow is shown in figure 5 . When coordinator node works, the coordinator node first starts the monitoring gateway, begins to build a new network, and initializes the serial port.
When the initialization of the network is finished, the coordinator will enter an infinite loop. In the infinite loop the coordinator first determines whether there are serial port instructions. If the serial port has instructions, the coordinator will response the instructions, and then broadcast these instructions to the terminal nodes. If the serial port has not instructions, the coordinator will monitor the wireless data. If these wireless data is valid by judgment, the coordinator will send these data to PC by serial port.
Software Design of Terminal Node
Terminal nodes can automatically join the network. The terminal node makes network request, then waits for the network response from the coordinator, and completes the network operation. If the terminal node has not found the coordinator node, it will continue to periodically search. After the network is established successfully, the terminal node will have the same function as the coordinator, and the terminal node can also send and receive data. The main functions of the terminal nodes are to collect data by the sensor and to receive control instruction to control the relay.
Considering the energy consumption requirements of data collection by the sensor node, the node cannot keep to collect the household environmental parameters continuously. The system designs two working modes for sensor node such as the mode of period collection and sleep -mode. In sleep-mode, after the network is established successfully, the application layer receives the message, then the sleep timer and collection times N are manually set by the upper computer, and then the nodes will enter a sleep state and work in low energy consumption until the sleep time is arrived, so the energy consumption will be greatly reduced. In the mode of period collection, the data collection nodes will collect and upload the household environment data according to the interval and the collection times which have been set before. When the collection times arrive, sensor nodes will go into sleep-mode automatically.
If the terminal is a control node, the node will cyclic receive the commands from the coordinator. If the information which the terminal received is command and the command is sent to it, the terminal will start control node to control equipment. The specific program flow is shown in figure 6.
Experiment and Result Analysis
In the experiment, four terminal nodes are arranged in the kitchen and bedroom, and can monitor the temperature, light, flames and smoke of the room. The coordinator and the upper computer are arranged in the sitting room, and can analyze and process the environmental data, test the data transmission of different indoor distance. To test the temperature, the temperature sensor is put into the water of different temperature, and is compared with thermometer. To test light, the way is to open or turn off the lights in the evening. In the test of indoor data transmission, four sets of data are randomly selected. The experimental results show that if the terminal node is closer to the coordinator node, then the data transmission speed is more rapid and accurate. When the distance between the terminal node and the coordinator node is more than 10 meters, indoor obstacles is more, the signal is greatly weakened, so the designed distance within 10 meters is more suitable. When the system is running more than 60 minutes, the far distance terminal nodes need to collect data and forward data package, so the power consumption of the node is relatively large.
In addition, the mean error of temperature which the sensors measure is 1.2%, and it is in the acceptable range, the precision is high.
When concentration of smoke and flame are tested, the lit cigarette is put onto smoke sensor, and lit candle is put onto flame sensor. The smoke sensor and flame sensor collect data and transmit the acquired data to upper computer. When the upper computer finds that the value of acquired data deviate from the normal range, the upper computer will show red color at the corresponding position and produce a pop-up warning box to warn users, at the same time it will send alarm information to the host's phone.
Conclusion
Based on the current demand of home security and intelligence, this paper uses the Internet of things technology to build a household monitoring system. In the System CC2530 is used as wireless communication module, and the software and hardware design of terminal nodes and coordinator node are introduced in detail.
Finally, the system is run and tested, the indoor data of temperature and smoke is real-time collected and processed. The results show that the system is high sensitivity, low cost, and low consumption, and when the value of acquired data deviate from the normal range, it will show warning box and send message to the host's phone. Considering the popularization of this system, the design of each node should consider the low energy consumption, low cost, and the interface should design more intelligent and humanization, this is the further study directions.
